The pre-determination of the effect of earthquake in subsurface structures is gaining importance increasingly. One of the main factors in determination of the damages due to earthquakes in subsurface structures, especially tunnels are horizontal acceleration value. The aim of the study is to put forward the scale of damage due to earthquake in a wastewater tunnel in Istanbul, the most populated city of Turkey, under construction. Possible damage caused by earthquake will be determined by utilizing the information about the route of the wastewater tunnel analyzed in the study.
Introduction


All the structures used to maintain the life of humankind are defined as infrastructures vital for places where all necessities for societies such as water, energy, fuel and communication are produced, transported and utilized [1] . Damages occurring in infrastructures during an earthquake extremely affect the daily life. Apart from the significant economic losses, such cases may put the public health at risk. For this reason, in underground structures, predetermination of the possible damages of the earthquakes becomes important increasingly. Horizontal ground acceleration value is one of the main factors in determination of the damages in the underground structures especially damages in tunnels caused by earthquakes.
When the damages occurring in the underground structures are examined, it can be seen that they are mainly caused by landslides and faulting [1] . The earthquake, by itself, rarely causes damages in these structures. Tunnel can be blocked by damages, which are formed in the frames of the tunnel as a result of the land sliding. The main points in the tunnels at which the damages are concentrated are crossroads, parts at which direction and shape changes exist and parts at which the construction material or the type of the ground varies. In tunnels with inner lining, the damages are typically limited as cracks on the lining. In the study conducted by Owen and Scholl for tunnels [2] , if the ground acceleration is lower than 0.4 g, then the damage in the hard rock tunnels is very limited. Up to 0.19 g, damage did not occur in any lined or unlined tunnel. Between 0.19 g and 0.4 g, small cracks appear and some bricks or stones fell off from the lining. Collapse of the tunnel was not observed in the tunnels up to 0.5 g values. It was stated that serious damages in the inner lining and tunnel area are the results of the low quality inner lining and inferior ground conditions. The seismic dangers that could be observed in the wastewater tunnels can be grouped as temporary and permanent landslides that may occur in the ground. While the temporary ones through seismic waves, permanent landslides can be formed due to different reasons such as ground faulting, liquefaction, landslide and settlements [3] .
Under the seismic motions, underground structures demonstrate three types of deformation, namely axial tension and compression, longitudinal bending and rounding/bending [4] . The axial deformations in the underground structures form as a result of the compressive and tensile stresses, which are originating from parallel motions in the axis of the structure, caused by seismic waves. Longitudinal bending, on the other hand, forms as a result of the perpendicular particle motions, originated by seismic waves, along the axis of the structure. It was depicted that in rounding/bending, shear waves propagate perpendicular or near perpendicular to the axis of the tunnel and this yields bending of the cross section of the tunnel [5] .
In the study, the degree of the damage, that could occur in a wastewater tunnel, which is being built in Istanbul, the most populated city of Turkey, is presented. Within this scope, by using the information about the route at which the tunnel will pass through (geotechnical report, waste water application plan, lithological cross-section, cross-section of the RC and its properties), it was examined if a damage would occur as a result of an earthquake.
Damages Occur in the Infrastructures as a Result of Earthquakes
Yüzügüllü and Uğurlu [6] conducted a study to determine the damage levels of the wastewater and water supply networks present in Istanbul Metropolitan district. The results obtained in the study are given in Table 1 . The total numbers of pipe break in the wastewater network, including all other counties, were given as 1959. It was stated that in 940 of them damages occurred due to liquefaction.
The Geology of the Study Area
In the study area including close neighborhood, "Basic Mass" formations belonging to Paleozoic Era, i.e., 500 to 300 million years ago, are present. This mass consists of different formations from Ordovician, Silurian, Devonian and Lower Carboniferous Periods as well as from two granodioritic massive grown into these formations. It covers the large areas on the coastal region of Marmara Sea, both sides of the Bosphorus, the Islands of Istanbul and Gebze in Kocaeli Provience [7] . Generally in the research area, the regions called as floor (natural, alluvium, marine sedimentary) or main rock with high and low amount of cracks, fractures, faults and folds cut by limestone, shale, mudstone-limestone, andesite and diabase dikes were passed on the valley-bay passages close to the sea. The geomechanical properties of the rock used in constructed tunnel and the tunnel route are given in Table 2 and Fig. 1 , respectively.
The final cross and longitudinal sections of the wastewater tunnel, which will be opened through the studied route is presented in Figs. 2 and 3. Table 3 presents the depths of underground water according to the underground water observations Table 1 The total numbers of pipe break in the wastewater network [6] . carried out in the research area [7] .
Underground Water Observations
The Properties of TBM (Tunnel Boring Machine)
The technical information of the TBM and pipe jacking used in the underground water tunnel under investigation is given in Table 4 .
Determination of the Level of the Damage Originating from an Earthquake for the Wastewater Tunnel in Question
In the underground structures, especially in the tunnels, one of the main factors used in determination of the damages originating from an earthquake is the maximum horizontal ground value [8] . Firstly, this value would be determined by using different acceleration reduction equations. The level of the damage, on the other hand, would be identified by using the curves on horizontal round acceleration-tunnel damages given in the literature.
According to the ground investigation report [7] , (1) If the maximum horizontal ground acceleration value is calculated by using the equation given in Ref. [9] 
Considering the conditions of the ground, Z1 and Z2 were taken as 1 and 0, respectively. Meanwhile, for 84% safety factor, P was taken as 1. If moment magnitude, M w is taken 7.4. By using these assumptions; 
If maximum horizontal ground acceleration value is calculated by using the equations given by Arıoğlu and Yılmaz [10] ; 
including V s = wave propagation velocity; If the Fig. 4 is examined, it can be clearly seen that the level of damage caused by the earthquake decreases with increasing depth of the tunnel.
Conclusions
The knowledge of the behavior of the existing underground structures is highly important to take precautions for the possible damages. It is vital to know the response of these structures against earthquake effects so that the possible damage levels can be predicted in advance. After an earthquake, not only damages affecting the daily life but also damages resulting in significant economic losses and conditions that can threat the public health can be minimized.
The depth at which the tunnel construction is carried out, the properties of the ground and the method of tunnel construction are factors affective to the level of the damage. For this reason, in the project design and application stages of such constructions, these points must be taken in consideration. In order to reduce the seismic damages in wastewater tunnels, it is necessary to take precautions such as the use of mobile junctions, isolation of the tunnel line from the ground motions etc..
